sional associations. A total of 10 medical societies participated in the preparation of the guidelines, now available at awmfonline.de. These guidelines are unique in being the only interdisciplinary guidelines for AAA, covering not only screening, diagnostics, indications for surgery, vascular surgery/interventional therapy, and follow-up care but also describing perioperative and intensive care management. Other guidelines, as for example, the newly created guidelines of the Society for Vascular Surgery (SVS; [1] ), are not as comprehensive. Given the considerable scope of the DGG guidelines, a short version is presented here, including all assertions and recommendations with a brief justification.
Methods
The guidelines are based on a systematic literature search in Medline (PubMed) from 1 January 2000 to 1 January 2017 and important publications from 2017 have also been considered. A multistage screening process was employed to select evidence. First, all existing guidance relevant to clinical issues, considered important (key questions) by the Guideline Steering Group, was analyzed. In a second step, all available Cochrane reviews on AAA were subjected to an evaluation algorithm. Systematic reviews and meta-analyses were also subjected to an evaluation algorithm and then analyzed with respect to answering unanswered or insufficiently answered key questions. To answer still insufficiently answered or unanswered key questions, therapeutic and diagnostic studies from the primary literature were consulted.
Evidence evaluation was carried out with the aid of structured checklists. In addition to the evidence, other criteria were included in evaluating the level of recommendation. These incorporated consistency of study results, the clinical relevance of endpoints and effect sizes, the benefit-risk balance, the applicability of study results to patient target group and healthcare system, the feasibility of everyday recommendations, patient preferences, and ethical and legal considerations. The level of recommendation followed the Association of the Scientific Medical Societies in Germany (AWMF) Expert opinion without explicit evaluation of evidence based on physiological models/laboratory research RCT randomized controlled study guidance manual and rules for guideline development (. Table 1 ).
A total of three recommendation levels are differentiated and expressed by the words "strongly recommended", "recommended (should)" and "recommendation open (can)". Recommendations against intervention are accordingly expressed as "strongly not recommended", "should not be recommended", or "can be dispensed with". As a rule, the quality of the level of evidence determines the degree of recommendation. This means that a recommendation based on an average level of evidence is usually associated with a middle recommendation grade. Recommendations depend on the available evidence and recommendations with missing or incomplete evidence are listed as consensus recommendations as a result of interdisciplinary discussion (GCP = good clinical practice). The recommendation levels are based on specifications of the Oxford Center for Evidence-based Medicine (. Table 2 ).
All assertions/recommendations were adopted with strong consensus (approved by >95% of the participating professional societies/associations). Thus, the present text version of the S3 Guidelines on Abdominal Aortic Aneurysms represents the view of all participating societies. In presenting the consensus for the short version of these guidelines, individual recommendations were waived to avoid redundancy.
Assertions and recommendations

Definition AAA
Assertion. An AAA is defined as an abdominal aortic diameter ≥ 30 mm, either inthe anteroposteriorortransverse plane.
AAA prevalence/incidence
Assertion. For men initially invited to screening in England and Sweden, the prevalence of AAA was 1.3-1.7%. Level of evidence 2b.
Risk factors for developing an AAA
Reason. Smoking is the most important modifiable risk factor for AAA development. In the Southern Community Cohort study in the USA with 18,782 participants aged ≥65 years, the AAA ageadjusted incidence per 100,000 men was 198.5 for never smokers, 369.4 for former smokers, and 563.3 for current smokers. Comparative figures forwomenwere 50.8 (never smokers), 225.2 (former smokers), and 843.4 (current smokers) [2] . It is therefore essential to advise AAA patients to give up smoking. In the Atherosclerosis Risk in Communities (ARIC) study [3] 15,792 participants were recruited between 1987 and 1989 and followed until 2013. Reviewing their smoking status between visit 1 (1987) (1988) (1989) and visit 4 (1996-1998) revealed that smokers who quit smoking between visits 1 and 4 had a 29% lower lifetime risk of developing an AAA than those who continued to smoke. Nevertheless, the risk was still higher than that of participants who had already given up smoking before the first visit.
Society for Anesthesiology and Intensive Care Medicine (DGAI), German Society for Thoracic and Cardiovascular Surgery (DGTHG) and the German Society of Surgery (DGCH). The guidelines are based on a systematic literature search in Medline (PubMed) for the period from 1 January 2000 to 1 January 2017. Important publications from 2017 were also considered. The selection of evidence was made by a multilevel screening process. In addition to the evidence, other criteria were included in the assessment of the recommendation level, such as the consistency of the study results, the clinical relevance of the endpoints and effect sizes, the benefit-risk balance, the applicability of the study results to the patient target group and the care system, the feasibility of the recommendations in everyday life, patient preferences and ethical and legal considerations. All recommendations/findings were approved with strong consensus (approval of >95% of the participating professional societies/associations). Thus, the present text version of the S3 guidelines on AAA represents the view of all participating societies. Recommendation. Blood pressure control and hypertension treatment is strongly recommended in all patients with AAA to prevent cardiovascular complications. Level of evidence 1a/ recommendation grade A.
Keywords
Reason. Blood pressure control is strongly recommended to prevent cardiovascular disease in all patients with AAA; however, it is highly questionable whether treatment for hypertension is beneficial beyond preventing cardiovascular morbidity by significantly influencing the AAA expansion rate. A systematic review of the literature revealed that hypertension is associated with the presence of AAA but there is no evidence that the AAA expansion rate is higher in hypertensive patients [4] . Accordingly, there is no evidence supporting a beneficial effect of beta blockers on AAA expansion rate [5] .
Recommendation.
If there are no contraindications, it is strongly recommended that patients with AAA and cardiovascular comorbidities receive statins for cardiovascular protection. Level of evidence 2a/recommendation grade A.
Reason.
A systematic review with a meta-analysis based on 12 cohort studies (11 retrospective, 1 prospective) was concerned with the influence of statin treatment on expansion rate and mortality connected with AAA [6] . Randomized studies were not available. A sensitivity analysis failed to demonstrate any influence of statin treatment on AAA expansion rate. Similarly, there was no significant difference in the 30-day mortality after AAA treatment between those patients receiving and not receiving statins; however, patients receiving statin therapy experienced significantly lower mortality 1, 2, and 5 years after aneurysm treatment, a trend that increased with treatment duration.
Recommendation. Preprocedural initiation of statin therapy should be considered in patients undergoing vascular surgery, ideally at least 2 weeks before the intervention. Level of evidence 2a/ recommendation grade B.
Reason. Twine and Williams [6] concluded in their meta-analysis that there is no solid evidence that AAA patients perioperatively benefit from statin treatment. Notwithstanding, based on the randomized DECREASE III study, perioperative statin treatment compared to placebo resulted in a significant reduction in myocardial ischemia connected with vascular interventions (47.5% of these interventions were on the abdominal aorta) [7] . An evaluation of a Medicare database with 19,323 patients (14,602 endovascular and 4721 open AAA interventions) showed that approximately half received preprocedural statins. Patients receiving statins had significantly lower mortality after 90 days and during the first year after the intervention [8] .
Recommendation. Those AAA patients with cardiovascular comorbidities should be advised to use anticoagulants. Level of evidence 2a/recommendation grade B.
Reason. Randomized studies concerning the influence of anticoagulants on AAA patientmortalityand the incidence ofcardiovascular events do not exist [9] ; however, as with other atherosclerotic diseases, anti-coagulant treatment is generally recommended to prevent cardiovascular events in patients with AAA [10] .
While in the English cohort study by Bahia et al. [11] patients on anti-coagulant treatment showed significantly better survival but this did not hold true in the post hoc analysis of data stemming from the DREAM study [12] .
Recommendation. It is strongly recommended not to treat small AAAs with doxycycline. Level of evidence 2b/ recommendation grade A.
Reason. In a randomized, double-blind, placebo-controlled study Meijer et al. [13] reviewed whether 18-month doxycycline treatment can reduce AAA progression. Doxycycline did not reduce aneurysm growth, and growth was even slightly (but significantly) higher in the treated group than in the control group.
Recommendation. Coronary revascularization should be performed prior to AAA intervention in patients with acute myocardial infarction with or without ST elevation, unstable or stable angina with left main stem or 3-vessel disease. Evidence level 2b/recommendation grade B.
Reason. The indications for preoperative coronary revascularization should follow established guidelines [14] and be limited to the abovementioned target groups. 
AAA screening (early detection)
Ultrasound techniques
Recommendation. Perpendicular measurement at right angles to the longitudinal vessel axis is the leading-edge method and is strongly recommended for ultrasound screening. Level of evidence 3b/ recommendation grade A.
Reason. The B-mode ultrasound (realtime gray scale sonography) is the method of choice for screening. Ultrasound measurement of both aortic diameter and the measurement plane must be standardized to facilitate comparative examinations and valid followup examinations [22] . This leading-edge method has provided the most accurate results. Hereby, the distance between the outer wall reflection to the opposite inner wall reflection is measured, i. e. from the outer beginning of the echogenic wall reflection to the luminal reflection point on the opposite side. These recommendations apply to the fusiform aneurysm. No data are available for saccular AAAs; therefore, wellfounded recommendations for saccular AAA cannot be made.
Reason. A Cochrane review [23] on mortality, quality of life, and cost-effectiveness of immediate care versus routine ultrasound-guided monitoring in patients with asymptomatic AAA from 4.0 cm to 5.5 cm was based on a meta-analysis of 4 randomized trials with 3314 participants. The authors concluded from the pooled meta-analysis that current evidence supports postponing the time of intervention until the AAA reaches 5.5 cm in diameter. The results of the four studies show no advantage of immediately subjecting smaller AAAs to treatment, regardless of whether OR or EVAR is chosen. In the relevant randomized controlled trials, as a rule men were included due to the significantly higher prevalence of AAA in men. Thus, there is a lack of reliable data on the diameter limit mandating interventional AAA care in women. It must also be taken into account that women generally have a smaller aortic diameter than men but a fourfold increased risk of rupture [24] . Based on these data, recommendations are made to already set the limit indicator for women at 5.0 cm [25] .
Indications for treatment of symptomatic AAA
Recommendation. It is strongly recommended that patients with symptomatic AAA be subjected to an invasive intervention at the next possible elective date. Level of evidence 2b/recommendation grade A.
Recommendation.
Patients with symptomatic AAA should be treated endovascularly, if technically possible. Level of evidence 2b/recommendation grade B.
Reason. Historically, symptomatic patients receiving urgent treatment have had a significantly higher clinical mortality than asymptomatic patients receiving elective care; however, this information requires revision. In a large recent study (Vascular Study Group of Northern New England) with 156 symptomatic AAAs, hospital mortality after symptomatic AAA treatment was 1.7%, which was hardly different from the 1.3% reported for elective asymptomatic care [26] . Using data from the American College of Surgeons National Surgical Quality Improvement Program (NSQIP) in 2011-2013, this result was further examined with respect to benefits of EVAR vs. OR [27] . Here, symptomatic patients were reported to have a twofold increased 30-day perioperative mortality risk, compared to asymptomatic patients, with the mortality risk being significantly higher with OR than with EVAR.
Indications for treatment of ruptured AAA
Recommendation. A ruptured AAA (rAAA) is an emergency, which must immediately be treated invasively. Level of evidence 2b/recommendation grade A.
Recommendation. In patients with successfully treated cardiac arrest (return of spontaneous circulation, ROSC), treatment may be justified. Level of evidence 4/recommendation grade 0.
Reason. The rAAA is an emergency and immediate treatment is strongly recommended. An international comparison of US registry data (n = 23,838) with that of England (n = 11,799) [28] provides a unique insight into the care of unselected patients with rAAA. The comparison included all inpatients admitted with rAAA, regardless of whether interventions were carried out or not. Significantly fewer patients with rAAA died in the USA than in England. In the USA, 80.4% of patients were treated, compared with just over half in England (58.4%).
The mortality of all patients admitted was 53.1% in the USA and 65.9% in England.
Preprocedural comorbidity and risk evaluation
Comorbidity
Assertion. In patients with renal insufficiency requiring dialysis and in patients with chronic obstructive pulmonary disease (COPD) requiring oxygen, the benefit of elective intervention for AAA is not assured. Level of evidence 2a. 
Pulmonary risk
Recommendation.
A preprocedural lung function test should be performed in patients with suspected pulmonary disease. Level of evidence 3b/recommendation grade B.
Reason. The guideline recommendation follows the joint recommendations of the German Society for Anesthesiology and Intensive Care Medicine, the German Society of Surgery and the German Society of Internal Medicine for the preoperative evaluation of adult patients before elective, non-cardiothoracic surgery [36] .
Renal risk
Recommendation. In patients with impaired renal function receiving endovascular AAA treatment, preinterventional and postinterventional hydration are strongly recommended to avoid contrast-related nephropathy. Level of evidence 1b/recommendation grade A.
Reason. Serum creatinine and glomerular filtration rate (GFR) should be deter-mined preoperatively in all AAA patients. All patients with a GFR < 45 ml/min/ 1.73 m 2 , i. e. from chronic kidney disease (CKD) stage 3b or with a GFR < 60 ml/ min/1.73 m 2 , i. e. from CKD stage 3a and simultaneous occurrence of proteinuria, hematuria, hypertension, morphologic changes, or kidney-specific comorbidities should be referred to a nephrologist [30] . The most important measure to avoid contrast agent-induced nephropathy is adequate preoperative hydration, particularly when EVAR will be employed. For this purpose, it is recommended that the patient receives 0.9% saline solution i. v. at a rate of 1-1.5 ml/kg/h for 12 h prior to surgery and up to 24 h after surgery [31] . Furthermore, reference may be made to the guidelines of the European Society of Cardiology (ESC) and the European Association for Cardio-Thoracic Surgery (EACTS; [32] ) as well as the guidelines of the European Society of Urogenital Radiology (ESUR, [33] ).
Sonography of cervical vessels
Recommendation. Patients with proven AAA should be preprocedurally examined by duplex sonography for stenotic internal carotid arteries. Level of evidence 4/recommendation grade B.
Reason. Kurvers et al. [34] reported the prevalence of an internal carotid artery stenosis (ICAS) >70% in 8.8% of persons with AAA and recommended ICAS screening for AAA patients. In another study, the ICAS prevalence in patients with AAA was calculated at 10.8%, as a consequence of which preprocedural duplex sonography was recommended [35] . Reference can be made to the joint recommendation of the German Society for Anesthesiology and Intensive Care Medicine, the German Society of Surgery and the German Society of Internal Medicine for the preoperative evaluation of adult patients prior to elective, non-cardiothoracic surgery [36] .
Risk indices
Recommendation. For preprocedural risk assessment EVAR vs. OR, the BAR score may be used. Level of evidence 3b/recommendation grade 0.
Reason. The mortality risk for EVAR or OR for an individual patient can be calculated in less than 30 s via the BAR score calculator (www.britishaneurysmrepair score.com), which can be used to provide patient counselling on the risk of EVAR or OR elective intervention [37, 38] .
Preprocedural diagnostic imaging
Recommendation. Forpreprocedural diagnostic AAA imaging, computed tomography angiography (CTA) is strongly recommended as the method of choice. Level of evidence 3a/recommendation grade A.
Recommendation. It is strongly recommended that non-contrast enhanced magnetic resonance angiography (MRA) be used as an alternative to CTA to avoid radiation exposure, especially in patients with impaired renal function. The MR compatibility of the implants must previously be checked. Level of evidence 3a/ recommendation grade A.
Reason. The use of CTA, including 3D vessel reconstruction, is the imaging tool of choice for precise preoperative planning [39] . The CTA should be performed from the head to below the groin as thinlayer computer tomography (CT slice thickness ≤ 1 mm) to depict accompanying aneurysms and access routes. The CTA delivers the highest predictive accuracy for suspected AAA rupture [40] and CT shows the extent of wall calcification better than any other imaging modality. Parietal thrombosis can also be very accurately demarcated. Not infrequently, CT reveals additional findings (e.g. basal pulmonary nodules, solid renal tumors) relevant for prognosis or requiring further clarification. A disadvantage is the contrast administration in patients with impaired renal function, iodine contrast allergy, or hyperthyroidism.
Extended diagnostics
Recommendation. It is strongly recommended that patients with proven AAA be examined with duplex sonography for popliteal aneurysms. Level of evidence 4/recommendation grade A.
Reason. Femoral artery aneurysms and popliteal artery aneurysms are common in patients with AAA. Diwan et al. [41] reported the prevalence of femoral and popliteal aneurysms in patients with AAA as 12%, in men as 14% with only 10/51 aneurysms being palpable.
Assertion. Approximately 1 in every 20 patients scheduled for an AAA intervention has a malignancy. Level of evidence 2b.
Recommendation. It is strongly recommended that patients with AAA be subjected to diagnostic imaging, including the thorax, prior to invasive treatment (preferably CT). Level of evidence 2b/ recommendation grade A.
Diagnostics for rAAA
Recommendation. In hemodynamically stable patients with signs of rAAA, it is strongly recommended to employ emergency CT. Level of evidence 3b/ recommendation grade A.
Recommendation. It is strongly recommended that hemodynamically unstable patients with confirmed AAA rupture be brought directly into the (hybrid) operating room. Level of evidence 3b/ recommendation grade A.
Reason. In its position paper the World Society of Emergency Surgery (WSES; [42] ) recommended planned endovascular care to proceed in accordance with the protocol of Mehta et al. [115] . This means performing an emergency CT in stable patients (systolic blood pressure > 80 mm Hg). Hemodynamically unstable patients (systolic blood pressure < 80 mm Hg) should be brought to the operating room immediately. Under provision of an occlusion balloon for the supraceliac aorta, digital subtraction angiography (DSA) on the operating table should be used to evaluate whether the aneurysm neck is suitable for endovascular surgery or not.
Treatment choice-intact AAA (iAAA)
Recommendation. For patients with acceptable periprocedural risk, EVAR or OR are equally recommendable, assuming anatomical feasibility for EVAR. Level of evidence 1a/recommendation grade A.
Recommendation. Patient preference should strongly be considered when selecting the interventional procedure, taking into account differences between EVAR and OR in the periprocedural course, re-intervention frequency, follow-up and long-term aneurysm-related mortality. Level of evidence 1a/ recommendation grade A.
Assertion. Up to 1 year after intervention, EVAR is considered to provide benefits for the quality of life over OR. Level of evidence 3a.
Reason. Important, randomized, prospective studies comparing EVAR and OR have been performed under the labels EVAR 1 (England), DREAM (Netherlands), OVER (USA), and ACE (France). Based on these four RCTs and two registry surveys, Stather et al. [43] compiled a systematic literature review and metaanalysis concerning the long-term outcome of EVAR vs. OR. The EVAR patients were found to have a significantly lower in-hospital mortality/30-day mortality compared to OR (1.3% vs. 4.7%); however, after 2 years, no differences between the 2 procedures (total mortality: EVAR 14.3% vs. OR 15.2%) or for aneurysm-related mortality (EVAR 3.9%, OR 4.5%) were apparent and after 4 years no significant differences were observed either (mortality after EVAR 34.7%, after OR 33.8%). Re-intervention rates were significantly higher for EVAR than for OR in the randomized trials (26.2% vs. 14%, respectively) and in the analysis of all patients included (EVAR 28.9% vs. OR 25.5%). An identical conclusion was reached in a Cochrane review based on the four RCTs and another survey [44] .
Laparoscopic AAA treatment
Assertion. The value of laparoscopic AAA treatment is unclear. Level of evidence 4.
Treatment in centers
Recommendation. It is strongly recommended that AAA be treated in specialized centers. Level of evidence 2a/ recommendation grade A.
Reason. It is generally recommended to treat AAAs only in centers with sufficient experience. This requirement is broadly accepted and well-founded [45] , since a clear relationship between hospital capacity, case size of individual surgeons, and outcome is apparent; however, no definitive volume limits can be established as evidenced by a systematic review of the literature [46] . Hospital size and structure may have a more significant impact on outcome than the absolute number of cases [47] . A review of 16 studies showed a relationship between hospital case load for AAA care and hospital mortality [48] . A metaanalysis of 32 publications, including the UK hospital episode statistics [49] , also addressed the relationship between case load and quality of AAA care. According to this, the threshold for hospitals with low and high caseloads for AAA elective care is 43 interventions/year, with significantly better results in high-volume hospitals (odds ratio 0.66). For elective, conventional, open AAA interventions in the USA, Birkmeyer et al. [50] reported an adjusted operating mortality for surgeons with less than 8 interventions/year at 6.2%, for 8-17.5 interventions/year at 4.6%, and for more than 17.5 interventions/year at 3.9%.
Accompanying iliac aneurysms
Recommendation. It is strongly recommended to be aware that iliac aneurysms >3.0 accompanying AAAs that require treatment, often constitute a requisite for extending the procedure. Level of evidence 4/recommendation grade A.
Reason. Iliac aneurysms < 3.0 cm in diameter almost never rupture [51] . In a study by Santilli et al. [52] ruptures were observed only at a diameter >4 cm, Huang et al. [53] observed no ruptures in aneurysms < 3.8 cm.
Perioperative measures and techniques for intact AAA (iAAA)-OR
Perioperative management
Recommendation. It is strongly recommended that patients receiving a vascular prosthesis for AAA repair receive systemic perioperative antibiotic prophylaxis against staphylococci and gramnegative bacteria. Level of evidence 2a/ recommendation grade A.
Reason.
A Cochrane review clearly demonstrated the benefit of perioperative antibiotic prophylaxis in reducing wound and prosthetic infection rates for peripheral arterial reconstruction [54] .
Recommendation. Since perioperative hypothermia can impair the surgical result and negatively influence the postoperative course, it is strongly recommended to actively prevent hypothermia. Level of evidence 2a/recommendation grade A.
Reason. Interdisciplinary S3 guidelines [55] that were developed to prevent perioperative hypothermia by, among others, the German Society for Anesthesiology and Intensive Care Medicine and the German Society for Surgery should be referred to.
Assertion. Currently available data concerning intraoperative fluid management speaks against administering fluids with supraphysiological chloride concentrations. Level of evidence 3a.
Assertion. A target-oriented volume therapy reduces the complication rate in high-risk patients. Level of evidence 2b.
Recommendation.
When greater blood loss is anticipated during AAA interventions, it is strongly recommended that blood management be implemented, including automated autotransfusion. Level of evidence 2a/recommendation grade A. [56] ), which also applies to patients with AAA. Reason. Regional spinal anesthesia requires a special risk-benefit assessment due to the risk of spinal/epidural hematoma. If anticoagulation is interrupted, the individual patient-specific risk of thromboembolic and ischemic complications must be considered [57] . In a systematic review and meta-analysis of randomized, controlled studies, Pöp-ping et al. [58] investigated the effects on mortality and morbidity of a combined epidural-general anesthesia (EA-GA) vs. general anesthesia (GA) alone. A total of 125 studies involving 9044 patients were included, 657 of whom underwent vascular surgery and 10 studies (2201 patients) contained mortality data as a primary or secondary endpoint. The odds ratio for mortality risk in the EA-GA cohort was 0.60 (95% confidence interval, CI, 0.39-0.93) or 0.66 (95% CI, 0.42-1.02), depending on the inclusion or exclusion of 1 critically evaluated study. The 10 studies, including the 657 patients undergoing vascular surgery, favored epidural anesthesia (odds ratio 0.39, 95% CI 0.17-0.88). The mortality rate was 2.5% (9/353 patients) in the EA-GA cohort vs. 5.3% (16/304 patients) in the control group.
Reason.
The results of all randomized controlled trials comparing postoperative epidural analgesia to postoperative systemic opioid-based analgesia in patients undergoing elective open abdominal aortic surgery were analyzed in a Cochrane review (15 studies, 1498 patients) [59] . Most of the studies evaluated thoracic epidural anesthesia but studies evaluating lumbar epidural anesthesia were also included. There was moderate evidence of reduced rates of myocardial infarction and postoperative respiratory failure, and a shortened length of intensive care stay with epidural anesthesia. There were, however, no differences in 30-day mortality.
Recommendation. Postoperatively, the AAA patient treated by OR should be moved to an intermediate care (IMC) or intensive care unit (ICU). Level of evidence 4/recommendation grade B.
Reason. The ICU postoperative care is generally indicated for patients with significant cardiac, pulmonary, or renal comorbidities, and for those in need of postoperative ventilation, or those developing significant arrhythmia or hemodynamic instability during surgery. There are no specific recommendations for postoperative monitoring of patients after AAA repair. Accordingly, general aspects of postanesthesia surveillance and intensive care apply. Existing recommendations, such as basic monitoring and extended hemodynamic monitoring, can be adapted for the AAA patient. Reference is made to the generally transferable S3 guideline recommendations on intensive care for cardiac surgery patients regarding hemodynamic and cardiovascular monitoring [60] , or for volume replacement in intensive care patients in the S3 guidelines for intravascular volume therapy in adults [61] . In Germany, especially after OR, the patient is usually relocated to an ICU or IMC. This recommendation stems from an expert consensus and, given a total morbidity of 31.2% for repair of intact AAA in the DGG register in 2015 [62] , as well as taking different healthcare systems into account, seems to be justified.
Techniques
Recommendation. To avoid incisional hernias, the transverse instead of vertical approach may be considered for OR. Level of evidence 3b/recommendation grade 0.
Recommendation. The choice of surgical approach (transperitoneal or retroperitoneal) should be left to the surgeon. For inflammatory aneurysms, patients with horseshoe kidneys, and aneurysms with abdominal adhesions, a retroperitoneal approach is strongly recommended. Level of evidence 4/recommendation grade A.
Reason.
It is unclear whether a transperitoneal or retroperitoneal approach is preferable for elective open AAA repair. In a Cochrane review by Ma et al. [63] a total of only 129 participants in 4 randomized trials could be evaluated. With respect to mortality, very low-quality evidence indicated that the retroperitoneal approach has no advantage over the transperitoneal approach. The retroperitoneal approach may increase the risk of postoperative wound infection. Low quality evidence has shown that retroperitoneal access is associated with reduced blood loss, as well as shorter hospital and ICU stays, compared to transperitoneal access. Very low quality evidence revealed no differences between the two approaches for aortic clamping and operation time.
Recommendation. Prophylactic sublay mesh reinforcement after open AAA repair via midline laparotomy is safe and effectively prevents the high prevalence of incisional herniation after surgery. This technique should be employed. Level of evidence 1b/recommendation grade B.
Reason. There were two randomized studies that addressed whether the incidence of incisional herniation after AAA open repair via midline laparotomy is reduced by prophylactic sublay mesh reinforcement. A study by Bevis et al. [64] group. During this time, mesh reinforcement significantly reduced the rate of incisional hernias without increasing the complication rate. A second randomized study included 58 patients in the control group and 56 in the treatment group [65] . Significant differences in postoperative complications between the two groups were not found, apart from pulmonary complications, which were significantly higher in the non-mesh (26%) than in the mesh group (9%). The cumulative incidence of incisional hernias was 17% at 1 year in the control group, compared to 0% in the mesh group. The difference was even clearer after 2 years (28% vs. 0%, respectively). Late complications from the mesh did not arise. In the randomized PRIMA study [66] 480 patients with a midline laparotomy were enrolled, 150 with open AAA repair and 330 with a BMI > 27 kg/m 2 . The midline laparotomy was either primarily closed at the end of surgery or additionally reinforced with an onlay or sublay mesh. After 2 years follow-up in the group with AAA open repair, the incidence of incisional hernia with onlay mesh was 10/61 (16%) and 10/52 (19%) with sublay mesh, compared to 16/37 (43%) with primary suture. The mesh reinforcement, therefore, significantly reduced the rate of postoperative incisional hernia, as was apparent in the other groups of this study.
Recommendation. It is strongly recommended that handling characteristics and the surgeon's preference determine the choice of vascular prosthetic material. Level of evidence 2a/recommendation grade A.
Reason. Various vascular prostheses are available for aortic replacement, showing no significant differences in terms of long-term patency rates or complications. Pertinent studies on this topic are older and new studies have not been performed [67, 68] .
Recommendation. Should lack of perfusion in the left-sided colon be suspected, it is strongly recommended to re-implant a patent inferior mesenteric artery during OR. Level of evidence 3b/ recommendation grade A.
Recommendation. It is strongly recommended that blood flow to at least one internal iliac artery be maintained during OR. Level of evidence 3b/recommendation grade A.
Reason. Employing colonoscopy Bast et al. [69] prospectively examined the incidence of ischemic lesions in the rectum and left colon after open AAA reconstruction. The incidence of ischemic bowel lesions of varying severity was 4.5% after iAAA repair and 17.6% after rAAA repair. In this study one patient with intestinal gangrene was registered, making this a rare but here fatal event. Differences in the incidence of postoperative ischemic bowel lesions, depending on whether the inferior mesenteric artery was ligated, was already occluded at surgery, or re-implanted at surgery (4% of cases), were not found. In patients with bilateral occlusion of the internal iliac artery, ischemic bowel lesions were seen in 4 of 11 (36%) cases. According to these findings it is undecided as to whether a patent inferior mesenteric artery should routinely be re-implanted during aortic reconstruction. More importantly, bilateral occlusion of the internal iliac artery should be avoided. Based on a literature review Chitragari et al. [70] described the consequences of an internal iliac artery ligature in various situations. Consequences are most severe in vascular patients. Buttock claudication was reported in 21.2% of cases, buttock necrosis in 5.0%, erectile dysfunction in 2.7%, colon ischemia in 7.0% and spinal cord ischemia in 9.0%. Recommendation. To expedite secondary care it is strongly recommended that acetylsalicylic acid (ASA) be perioperatively continued in AAA patients. Discontinuation should only take place based on individual risk assessment. Level of evidence 3a/recommendation grade A.
Reason. Optimal timing of surgery for patients on platelet aggregation inhibitors requires interdisciplinary risk stratification with individual risk assessment of perioperative ischemia (stent thrombosis, perioperative myocardial infarction) and bleeding complications. The European Society of Cardiology (ESC) generally recommends in its guidelines [116] that ASA should only be perioperatively discontinued if the bleeding risk during the intervention outweighs potential cardiac benefit. Discontinuation of ASA treatment in previously treated patients should, therefore, only be considered where difficulty with intraoperative hemostasis is expected. For patients receiving dual antiplatelet treatment, it is recommended that elective procedures be postponed until dual therapy has been discontinued and replaced with monotherapy (mostly with ASA).
Periprocedural measures and techniques with iAAA-EVAR
Periprocedural management
GCP: EVAR can be performed under local anesthesia, regional anesthesia, or general anesthesia. There is no clear evidence that one procedure is superior to another in terms of morbidity or mortality.
Assertion. Radiation exposure during EVAR depends on the equipment, active and passive radiation protection, the volume or body weight of the patient, as well as the training level and expertise of the interventionalist or surgeon. In Germany doctors performing EVAR un-der X-ray control must be in possession of the required expertise in radiation protection. Level of evidence 3a.
Recommendation. It is strongly recommended to administer a single periinterventional dose of cephalosporin for antibiotic prophylaxis in EVAR patients. Level of evidence 5/recommendation grade A.
Reason. Although no studies concerning periinterventional antibiotic prophylaxis for EVAR exist, prophylaxis is routinely recommended. Even though the risk of infection is less than 1%, if infection does occur, it is a severe complication. In addition, the infection risk increases if additional coil embolization is necessary or endoleaks require treatment.
Recommendation.
It is strongly recommended to hydrate all EVAR patients before, during, and after the procedure, especially those with a GFR < 40 ml/min/ 1.73 m 2 . Level of evidence 1b/recommendation grade A.
Reason. To prevent contrast-induced nephropathy, preinterventional intravenous hydration is recommended for EVAR patients [72] .
The ESC guidelines accordingly recommend that all patients, especially those with a GFR < 40 ml/min/1.73 m 2 , receive 0.9% saline at 1-1.5 ml/kg/h, 12 h prior to angiography and up to 24 h after the procedure [31, 32] .
Techniques
Recommendation. Anatomical complexity can be preinterventionally classified for EVAR patients using the anatomic severity grading score (ASG score). Evidence level 4/recommendation grade 0.
Reason. The feasibility of EVAR is limited by anatomic specifics. Anatomic complexity can be classified using the ASG score, as proposed by the Society for Vascular Surgery (SVS)/American Association for Vascular Surgery (AAVS) [73] . The ASG score is generated from a preoperative CT. It correlates with intraoperative difficulty, postprocedural complications, and resource use [74, 75] .
Assertion. Manufacturers' instructions for prosthesis use should generally be observed; however, an unfavorable anatomy making it impossible to follow the instructions for use does not exclude stent graft implantation. Level of evidence 4.
Recommendation. Depending on the degree of calcification of the access vessel and the surgeon's preference, percutaneous access should be chosen whenever possible with EVAR. Percutaneous access is advantageous over open access in terms of intervention time and inguinal infection rate. Level of evidence 2b/ recommendation grade B.
Reason. A systematic review, including observational studies, indicated that the benefits of percutaneous access compared to open access include a significantly lower inguinal infection rate, fewer lymphoceles, a shorter intervention time and inpatient length of stay, with the same level of safety [76] . A Cochrane review on the issue of surgical "cut down" or percutaneous access for bifemoral endograft EVAR ws compiled by Gimzewska et al. [77] . Based on 2 randomized trials with a total of 181 participants, the authors found no differences between the 2 techniques in terms of mortality, major complications or wound infections (moderate quality of evidence). High-quality evidence indicated no differences between the two techniques in bleeding complications and hematoma formation. A moderate quality of evidence supported the view that the percutaneous approach is faster than the surgical approach.
Assertion. For EVAR treatment of shortnecked AAA, if the open procedure is not chosen, fenestrated/branched prostheses and if this is not anatomically feasible, the chimney technique may be employed. Comparatively less published data are available for the chimney technique. Level of evidence 3a.
Recommendation. Small accessory renal arteries may, if necessary, be overstented at EVAR with relatively little risk. Level of evidence 2c/recommendation grade 0.
Reason. A literature review including 5 reports with a total of 116 patients established the safety of overstenting accessory renal arteries, if necessary [78] . Segmental renal infarction was reported after overstenting in 0-84% of patients; however, this did not result in impaired renal function, worsening of hypertension, or need for dialysis. This also held true for patients with impaired preinterventional renal function (GFR < 60 ml/h/m 2 ). The risk of a type II endoleak due to an overstented accessory renal artery is negligible. Malgor et al. [79] , who also saw no adverse functional effects after overstenting accessory renal arteries, suggested that to avoid type II endoleaks the preinterventional embolization of higher caliber accessory renal arteries (>3 mm) should be carried out if the accessory renal arteries originate from the aneurysmal sac.
Recommendation. Compared to unilateral or bilateral occlusion of the internal iliac artery, EVAR techniques to preserve the internal iliac artery, mostly by using a branched prosthesis, represent a significant improvement in the treatment of aorto-iliac aneurysms. Techniques to preserve the internal iliac artery are strongly preferred. Level of evidence 2c/ recommendation grade A.
Reason. In the absence of an adequate iliac landing zone, EVAR requires eliminating one or both internal iliac arteries and extending the stent graft into the external iliac artery. To what extent blood flow to the internal iliac artery can be interrupted on one or both sides by embolization or coiling is controversial. Kouvelos et al. [80] found 57 pertinent observational studies. The pooled rate of buttockclaudication30 days afterthe procedure indicated that 36.5% of patients were affected after bilateral and 27.2% after unilateral interruption of the internal iliac artery. In long-term follow-up, buttock claudication was present in 20.5% of the patients. Other negative consequences of internal iliac artery interruption were buttock necrosis (0.7%), colon ischemia (0.5%), paraplegia (0.3%), and erectile dysfunction (12.7%). In comparison, techniques with iliac preservation (in 87.6% of cases using a branched iliac prosthesis) were associated with fewer complications. An occlusion rate of 5.2% for the internal and 1.7% for the external iliac artery exit points at follow-up, and a buttock claudication of 4.1% were reported.
Recommendation. Prior to endovascular repair, embolization of an inferior mesenteric artery and/or lumbar arteries may be considered to reduce the endoleak rate. Level of evidence 4/ recommendation grade 0.
Reason. The most common causes of type II endoleaks after EVAR include patent lumbar arteries or reflux from the inferior mesenteric artery, which are usually covered with the endograft. Ward et al. [81] demonstrated on 108 patients that preinterventional coil embolization of the inferior mesenteric artery leads to a significantly lower rate of type II endoleaks, reinterventions, and reduced aneurysm sac size, compared to a control group with a preinterventional patent mesenteric artery. The procedure was not without risk and one patient died due to mesenteric ischemia after coil embolization. To avoid this complication only the inferior mesenteric artery trunk should be embolized, leaving the left colic and superior rectal arteries patent. Significant reduction in type II endoleak rates from preinterventional embolization of the inferior mesenteric artery has also been reported by others [82, 83] .
Postprocedural surveillance
Recommendation. Extent of intervention, choice of anesthesia, and individual patient risk should determine postinterventional surveillance. Uncomplicated EVAR procedures do not generally require postinterventional intensive care. Level of evidence 4/recommendation grade B.
Treatment of the rAAA
Assertion. The rAAA is defined by the clear detection of blood or contrast agent outside the aortic wall. It may, for example, be discovered by preprocedural CT, intraoperative angiography, or during repair.
Recommendation. It is strongly recommended that patients with confirmed AAA rupture receive immediate invasive treatment. Level of evidence 2b/ recommendation grade A.
Reason. If a patient presents with known AAA, shock and clinical signs of rupture, further diagnostics are not required, and the patient should be immediately transported to the operating room. An emergency ultrasound examination is sufficient to confirm the diagnosis; however, most patients are stable enough to allow CT for further evaluation. A study by Lloyd et al. [84] showed that only 12.5% of patients with rAAA died within 2 h of hospitalization, usually leaving ample time for a CT examination and to consider endovascular intervention (the median interval between hospitalization and death in this retrospective investigation was 10 h and 45 min).
Recommendation. Depending on the anatomy of the aneurysm and the experience of the surgeon, EVAR is preferable for rAAA repair if OR and EVAR are equally feasible. Level of evidence 1b/ recommendation grade B.
Reason. Several meta-analyses and systematic reviews based on three randomized studies are available on whether OR or EVAR should be given preference for rAAA repair. Sweeting et al. [85] concluded that there is no early survival benefit for endovascular strategy/EVAR for rAAA repair, although very weak evidence favors EVAR after 90 days in patients eligible for OR or EVAR. The metaanalysis indicated that women receiving endovascular strategy/EVAR benefit in terms of early survival, and these patients have a shorter hospital stay. Although the data may be sufficient to favor EVAR, the authors are of the opinion that longerterm data from the three randomized trials are needed for final decision-making.
A Cochrane review [86] based on 4 randomized trials involving 868 participants, was more restrained. No resolution was reached to determine whether EVAR or OR for rAAA repair outperformed the other in terms of 30-day mortality. No robust conclusions could be drawn regarding the 30-day complication rate, although EVAR might have been associated with a lower intestinal ischemia rate than OR. With respect to the results after 6 months and 1 year, only 1 study provided a reliable evaluation and this study reported no clear difference between EVAR and OR. Further randomized studies were encouraged to determine whether differences in outcome between the two approaches are relevant; however, implementation in the future could be difficult for ethical reasons. It hasbeenshowninnon-randomized studies that EVAR reduces hospital mortality compared to OR in selected patients suitable for the endovascular procedure. Consequently, if anatomically possible, EVAR is preferable to OR. Since a metaanalysis by van Beek et al. [87] showed that EVAR for rAAA repair is not inferior to OR in terms of short-term survival, it can therefore be recommended to use the same accustomed technique for rAAA as for the intact AAA. In the long term this means a further increase in EVAR for rAAA, especially since an additional literature meta-analysis including large retrospective multicenter studies, clearly favored the endovascular approach for rAAA with respect to in-hospital mortality [88] .
Recommendation. If possible it is strongly recommended that patients with rAAA be treated in specialized, high quality centers; however, variance in geographic conditions influencing transport time, and in local practice and expertise, make it impossible to universally call for the transfer of rAAA patients to centers of excellence. Level of evidence 2a/recommendation grade A.
Reason. Karthikesalingam et al. [28] showed lower hospital mortality for rAAA patients in both England and the USA treated in academic teaching hospitals, as opposed to non-teaching hospitals. In addition, hospitals with the highest bed capacity in both England and the USA demonstrated lower hospital mortality, compared to smaller hospitals. Further investigation of the relationship between center quality and outcome in treating rAAA was reported by Ozdemir et al. [89] using the English Hospital Episode Statistics database. Hospitals with the lowest mortality rates had significantly more available resources (doctors/bed, nursing staff/bed, intensive care beds). A third study compared short-term and long-term mortality after rAAA treatment in England and Sweden [90] . For both healthcare systems the best results were obtained when patients were treated in hospitals with the highest annual caseload and access to EVAR. These data provide evidence that rAAA patients should be treated in specialized or certified centers with high structural quality.
Recommendation. Use of an aortic occlusion balloon in EVAR should be considered in patients with hypovolemic shock. Level of evidence 4/ recommendation grade B.
Reason. According to a meta-analysis including 39 studies (1277 patients), a supraceliac aortic occlusion balloon improves EVAR results in hemodynamically unstable patients with rAAA [91] .
Recommendation. Permissive hypotension, aiming to maintain a systolic blood pressure of 80 mm Hg, restricts volume overload and appears sufficient to ensure critical end organ perfusion. Implementation is strongly recommended in patients with rAAA. Level of evidence 3b/ recommendation grade A.
Reason. The permissive hypotension concept aims to reduce the fluid supply in rAAA patients with shock, since massive fluid delivery leads to hemodilution, adversely affecting oxygenation, blood clotting, bleeding due to increased pressure, and thrombus detachment. The aim of preprocedural shock treatment is to provide only enough fluids to maintain a conscious patient, prevent ST changes in the ECG, and maintain the systolic blood pressure at 70-80 mm Hg [42] until surgical control of the bleeding is assured; however, the concept of preprocedural permissive hypotension in patients with rAAA (a patient clientele with high cardiovascular morbidity) is not clearly established. No randomized trials pertaining to this concept could be found in a Cochrane review, leaving the question open as to benefits for rAAA patients [92] . Other investigators [93] also pointed out that although the concept is well-established in animal models, these were young healthy experimental animals having little in common with comorbid elderly rAAA patients; however, it may be considered certain that avoiding volume overload in these patients is beneficial.
GCP: Anesthesia in rAAA patients should be induced in the operating room and only after scrubbing is complete, sterile draping has been placed and a surgeon is ready for surgery at the operating table. Invasive blood pressure monitoring should be initiated before induction of anesthesia but must not delay the onset of surgery. Central venous access should only be established after induction of anesthesia and parallel to the start of the surgical procedure [94] .
Recommendation. When treating rAAA with EVAR, local anesthesia should be given preference over general anesthesia. Level of evidence 3b/recommendation grade B.
Reason. In the IMPROVE trial [95] patients undergoing EVAR with local anesthesia had a significantly lower mortality even after risk adjustment, than those receiving general anesthesia.
GCP: Following initial care in the (hybrid) operating room, all rAAA patients are admitted to the intensive care unit for further treatment. Patients are at high risk for cardiac, respiratory, and renal complications as well as an abdominal compartment syndrome. Spinal ischemia is a rare, but serious complication after complex aortic intervention. Neuromonitoring should be employed for early identification of a spinal circulatory disorder [94] . An early diagnosis can be hampered by delayed extubation.
Recommendation. In all rAAA patients at risk, postoperative intra-abdominal pressure (IAP) should be determined via the urinary bladder for early detection of abdominal compartment syndrome (ACS). For persistent IAP > 20 mm Hg and/or IAP > 30 mm Hg, abdominal decompression is indicated. Level of evidence 3b/recommendation grade B.
Reason. Intra-abdominal hypertension and ACS are considered major risk factors for development of multiple organ failure after OR of rAAA [96] . An international team has defined ACS as present [97, 98] if sustained IAP> 20mmHg (with or without abdominal perfusion pressure < 60 mm Hg) is observed, associated with additive organ dysfunction/organ failure. The abdominal perfusion pressure is defined as the mean arterial pressure minus IAP. "Sustained", means that the IAP measurement must be repeated at least once. "Additive organ dysfunction/organ failure" involves a worsening of vital organ function over time. An ACS can occur after OR, as well as after endovascular rAAA repair [99] .
Recommendation.
Vacuum-assisted temporary abdominal closure combined with mesh-mediated fascial traction is preferable in patients with an open abdomen. Level of evidence 4/ recommendation grade B.
Reason. In patients with abdominal hypertension and ACS, early use of the open abdomen significantly improves survival [100] . Various methods for temporary closure of the open abdomen after AAA repair have been analyzed in a systematic literature review [101] . Only seven nonrandomized observational studies with small case numbers were available for evaluation and did not allow a definitive conclusion. The vacuum-assisted wound closure with the help of mesh-mediated fascial traction was favored. The subsequent fascial closure after temporary coverage of the open abdomen was 79-100%, the time to closure of the open abdomen averaged 10.5-17 days.
Long-term complications
Complications after OR
Recommendation. If possible, it is strongly recommended to endovascularly treat para-anastomotic aneurysms after OR. Level of evidence 4/recommendation grade A.
Reason. In a large series of 58 patients with 80 para-anastomotic aneurysms Ten Bosch et al. [102] found hospital mortality after endovascular revision to be 6.9%, procedural mortality was 10% at 41-months follow-up, and the annual risk of reintervention was 5.8%.
Recommendation.
It is strongly recommended that prosthesis excision and aorto-iliac in situ reconstruction with autologous vein or cryopreserved homografts are the preferred methods of choice for aortic prosthesis infection. Level of evidence 3a/recommendation grade A.
Reason. Only case series are available to evaluate the treatment of vascular prosthesis infection, and treatment is not standardized. A systematic review with meta-analysis included 12 extra-anatomical bypass studies, 5 studies concerning implanted rifampicin-bound prostheses, 16 studies concerning implanted cryopreserved allografts, and 9 studies concerning high-quality autologous vein reconstruction [103] . Prosthesis excision and autologous vein reconstruction were marked with the lowest pooled reinfection rate and long-term mortality, closely followed by reconstruction with cryopreserved allografts. Combined, and considering all outcome parameters, the ranking favored any in situ option over an extra-anatomic bypass.
A two-step primary endovascular treatment and subsequent prosthesis excision with in situ revascularization is strongly recommended for aortoenteric fistulas, especially when bleeding occurs. Level of evidence 3b/ recommendation grade A.
Reason. The treatment of aortoenteric fistulas does not principally differ from that of a prosthesis infection. In a systematic literature review with meta-analysis based on 823 patients Kakkos et al. [104] concluded that the endovascular approach is marked with significantly lower clinical mortality than the open approach but in the long term shows a higher sepsis rate and mortality. The survival advantage after 2 years was 51% (endovascular) vs. 40% (open) and, therefore, the difference between EVAR and OR mortality was no longer as evident. They recommended that aortoenteric fistulas should initially be treated by endovascular repair if bleeding is evident and, in a later step, the prosthesis should be excised with in situ revascularization.
Recommendation. Prior to the procedure it is strongly recommended to inform the patient about a possible worsening of sexual function subsequent to both OR or EVAR. Level of evidence 2b/ recommendation grade A.
Reason. A Swedish study indicated that patients were largely unaware of the negative impact of surgery on sexual function, especially with EVAR. In this group, approximately 80% of patients showed a preoperative, more or less pronounced degree of sexual dysfunction. Both OR and EVAR decreased sexual interest and activity, whereby the sexual function in preoperatively more active men was slightly better after EVAR than after OR during a 1-year follow-up [105] .
Assertion. The incisional hernia is by far the most common long-term complication after OR of the AAA. Disorders of intestinal passage due to adhesions are comparatively rare. Level of evidence 2a.
Complications after EVAR
Assertion. A postprocedural acute reversible renal function impairment is expected after both EVAR or OR (more pronounced). In the long term, renal function in these patients deteriorates with age, depending on the initial function. It is not evidence-based that EVAR is at a disadvantage compared to OR due to continued contrast agent administration,. Level of evidence 3a.
Recommendation. It is strongly recommended to primarily treat endoleaks by interventional EVAR. Level of evidence 4/recommendation grade A.
Recommendation. It is strongly recommended that type I endoleaks, whose elimination is not interventionally possible, initially be closely monitored in the absence of aneurysm growth. It is strongly recommended that treatment follows in the case of growth. Level of evidence 4/recommendation grade A.
Recommendation. It is strongly recommended that type II endoleaks without an increase in aneurysm sac diameter should be kept under observation. Level of evidence 3a/recommendation grade A.
Recommendation. It is strongly recommended to treat type II endoleaks with increasing aneurysm sac diameter. Level of evidence 3a/recommendation grade A.
Recommendation.
It is strongly recommended to treat type III endoleaks. Level of evidence 3a/recommendation grade A.
Recommendation. It is strongly recommended not to treat type IV endoleaks that are not growing. Level of evidence 3a/recommendation grade A.
Recommendation. Type V endoleaks (endotension). Enlargement of an AAA after EVAR, without evidence of an endoleak, with an increase in diameter > 10 mm over 12 months or >5 mm in 6 months, should be surgically treated or treated with a new stent graft. Level of evidence 3a/recommendation grade B.
Stent migration > 10 mmwithanincreaseinaneurysm diameter and/or evidence of an endoleak may require endovascular treatment. Level of evidence 4/recommendation grade 0.
Recommendation. Iliac femoral occlusion is described in approximately 4% of cases after EVAR and it is strongly recommended to address them endovascularly. If not possible, thrombectomy and femorofemoral crossover bypass are the therapeutic alternatives. Level of evidence 3a/ recommendation grade A.
Recommendation. As a rule for stent graft infections, it is strongly recommended that the infected prosthesis material be removed and revascularization performed. Level of evidence 4/ recommendation grade A. In selected cases, however, a conservative approach may be considered. Level of evidence 4/ recommendation grade 0.
Reason. The risk of stent graft infection is low. In a follow-up of >8 years Patel et al. [106] in the EVAR trial 1 rated life-threatening reintervention, which included conversion to an open procedure, recurrent EVAR, and treatment of graft infections, at 2.1/100 person-years. The treatment of stent graft infections is not standardized, with only case series [107] being available. A conservative approach should certainly be considered in patients with a limited life expectancy and high comorbidity, since the treatment of stent graft infections generally involves removing the foreign material and subsequent revascularization [108, 109] . The most severe form of prosthetic infection is the aortoenteric fistula. In an overview by Moulakakis et al. [110] , no patient with such an infection survived a conservative treatment approach. The fastest way to stop bleeding in this situation is to cover the fistula with a new endograft [107] ; however, this can only be considered a bridging measure. 
Follow-up after EVAR
Recommendation. After EVAR, ultrasound should be conducted as a standard.
Regular postprocedural follow-up should be organized by the vascular center that carried out the implantation. Level of evidence 3/recommendation grade B.
(Note: the proposed aftercare scheme is shown as a flowchart in the extended guidelines).
Special issues
Inflammatory aneurysms
Recommendation. In patients with inflammatory AAA it is strongly recommended that the indication for OR and EVAR be made according to the same criteria as in non-inflammatory AAA. The use of EVAR has a lower 1-year mortality but in patients with hydronephrosis and low surgical risk OR may be preferable. Level of evidence 4/recommendation grade A.
Reason. In a systematic review based on 56 retrospective surveys Paravastu et al. [111] addressed whether inflammatory AAA should be treated by OR or EVAR. The 30-day mortality was 6.2% after OR and 2.4% after EVAR. At follow-up, receding peri-aortic inflammation was seen in 73% after OR and 65% after EVAR. Hydronephrosis regressed 69% after OR and 38% after EVAR. The 1-year aneurysm-related mortality was 2% (OR) vs. 0% (EVAR). Overall mortality was 14% (OR) vs. 2% (EVAR). Another analysis concerning inflammatory AAA concluded that EVAR is associated with shorter surgery duration, lower need for transfusion and lower morbidity compared to OR [112] . Nonetheless, there is no evidence-based proof that EVAR or OR should be preferred in inflammatory AAA. A Cochrane review found neither a randomized nor controlled study concerning this issue [113] . Reason. The term mycotic AAA (mAAA) refers to an infection (usually bacterial) of the aorta with subsequent aneurysm formation. Based on the Swedish national vascular registry, Sörelius et al. [114] evaluated the largest cohort of mAAA on a long-term basis. After excluding patients with prosthetic infections or previous aortic surgery, they evaluated 132 patients treated between 1994 and 2014. The EVAR procedure was first introduced in 2001 and has since accounted for 59% of all mAAA repairs. Short-term survival of patients was significantly better after EVAR than after OR (after 30 days OR 89%, EVAR 99%; after 3 months OR 74%, EVAR 96%). The trend was still present after 1 year (OR 73%, EVAR 84%); however, there were no differences in 5-year survival (OR 60%, EVAR 58%) and 10-year survival (OR 39%, EVAR 41%).
